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OH

3-hydroxy-2-butanone (R, = CHs, Ry = CH; Ry =H)
3-hydroxy-2-pentanone (R = CHyCH;s, Ro =CH;s Ry =H)
2-tiydroxy-3-pentanone (R = CH;, Ry = CHyCH; R; = H)
3-hydroxy-3-methyl-2-pentanone (R = CH,CHs, Ry = CH; Ry = CH;)
3-hydroxy-4-methyl-2-pentanone (R = CHy{(CH3) 2, Ry = CH3 Ry = H)
4-lrydroxy-2-methyl-3-pentanone (R = CHa, Ry = CH2(CH3) 2, Ry = H)
3-hydroxy-2-hexanone (R = CHCHCH;, Ry =CHy Ry =H)
41~}f§‘_‘y’di"OX}’"3"-E'ESXBHOHC (Rg = CH/_CH",, R) = CH‘CH;’ Rg = H}
4-hydroxy-4-methyl-3-hexanone (R = CHyCH;, Ry = CHoCHs R = CHy)
4-hydroxy-5-methyl-3-hexanone (B = (CHs)o, Ry = CHyCH; Ry = H)

FIG.4
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OH

ethylene glycol monoethy! ether (R = CHCHs)

ethylene glycol monohexyl ether. (R, = CH,CH,CHL,CH,CH,CH)

FIG.6
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ethylene glveol monoethyl ether acetate(R, = CH;, Ry = CHoCH3)
ethylene glveol monomethyl ether butyrate (R = CH CH,CH;, Ry = CHjy)

)
L

ethylene glycol monoethyi ether butyrate (R = CHYCH-CH;s, Ry = CH.CH;)

FIG.8
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propylene glycol monomethyl ether (R = CHj)
propvlene glycol monoethyl ether (R = CH,CH3)
propylene glycol monopropyl ether (R = CHyCHLCHa)
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propylene glycol dimethyl ether (R, = CH;, Ry, = CHj3)
propylene glycol diethyl ether (R = CHCH;, Ry = CHCH;3)

FIG.10
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cthylene glycol monopropyl ester (R, = CH.CH3)

ethylene glycol monobuty! ester (R = CHCH-CHz)

ethylene glycol monopentyl ester (R, = CH,CHCHCH;3)
ethylene glycol monohexyl ester. (R = CH,CH,CH,CH,CH3)
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ethylene glycol dimethyl ester (R;=H, Ry, = H)

ethylene glycol dipropyl ester (R = CH,CH;, Ry = CH3CHy)

FIG.16



U.S. Patent Oct. 25, 2016 Sheet 17 of 24 US 9,474,814 B2

- J k\ R O '/J L\R

OR
OH OH

propylene glycol monomethyl ester (R, = H)

propylene glycol monoethyl ester (R = CHy)

propylene glycol monopropyl ester (R = CH;CH3)
propylene glycol monobutyl ester (R, = CH,CH,CH;3)
propylene glycol monopentyl ester (R = CHCH,CHLCHz)

FIG.17
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TN

0 O
propyiene glycol dimethyl ester (R = H, Ry = H)
propyiene glycol diethyl ester (R = CH;, Ry = CH3)
propylene glycol dipropyl ester (Ry = CH>CH;, Ry = CHaCH)

propylene glycol dibutyl ester (R = CH,CH,CH;, R, = CH;CH; CH))
propylene glycol dipeniyl ester (R, = CHyCH;CH,CH;, Ry = CH;CH; CHCH;)

FIG.18
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butylene glveol dimethyl ester (R = H, Ry = H)

butylene glveol diethyl ester (R) = CHs, Ry = CH3)

butylene glycol dipropyl ester (R = CH:CH;, Ry = CH:CHy)
butylene glveol dibutyl ester (R = CH,CH,CH;, Ry = CH3CH, CHR)
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acetone oxime (R; = CHjs, R; = CHj3)

methylethylketone oxime (MEKO) (R; = CH,CHj3, R, = CH3)
2-pentanone oxime (R; = CH,CH>CHj3;, R, = CH3)
3-pentanone oxime (R; = CH>CHj;, R, = CH3CH>)
cyclopentanone oxime (R;= R, = CHCH,CH,CH)
2-hexanone oxime (R; = CHj3;, R, = CH;CH,CH,CH;)
3-hexanone oxime (R; = CH,CH;, R, = CH3CH; CH3)
cyclohexanone oxime (R; = R, = CHCH>CH,CH>CH)
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pyridine (R1=H, R, = H R3; =H)

2-methylpyradine (R; = CH3, R, = H R; = H)
3-methylpyradine (R; = H, R, = CH3; R; = H)
4-methylpyradine (R;=H, R, = H R; = CHj3)
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DIFFERENTIAL EVAPORATION
POTENTIATED DISINFECTANT SYSTEM

This United States Patent Application is a continuation of
U.S. patent application Ser. No. 12/733,709, filed Mar. 16,
2010, which is the National Stage of International Patent
Cooperation Treaty Patent Application No. PCT/US2008/
010684, filed Sep. 12, 2008, which is a continuation-in-part
of U.S. patent application Ser. No. 11/901,915, filed Sep. 19,
2007, each hereby incorporated by reference herein.

Differential evaporation potentiated antimicrobial compo-
sitions and methods of using such differential evaporation
potentiated antimicrobial compositions to provide a reduc-
tion in populations of viable microorganisms.

1. BACKGROUND

Alcohols have been extensively utilized in antimicrobial
formulations to provide a reduction in populations of viable
microorganisms. Methanol, ethanol, and N-butanol can each
be produced by fermentation and alcohols such as 2-propa-
nol, 2-butanol, 2-pentanol, and so on, can be synthesized
from petrochemicals.

Because 2-propanol (also referred to as isopropanol) has
proven more effective than ethanol and methanol in reducing
populations of viable microorganisms its use has become
widespread in conventional antimicrobial formulations. The
superior efficacy of isopropanol over methanol and ethanol
can be understood, in part, by considering the physical
properties as summarized in TABLE 1.

TABLE 1
Azeotrope with Water
Chemical Log P % wiw % viv Fp
Methanol -0.70 NA NA 11° C.
Ethanol -0.30 95% 94% 22°C.
Acetone -0.23 NA NA -18° C.
Isopropanol 0.05 87% 83% 21° C.

The effect of the alcohol as an antimicrobial material may
in part be related to concentration and in part duration of
time in contact with the target microbe. Additionally, the
effectiveness of an alcohol or other antimicrobial material in
reducing populations of microorganisms may also be due to
its log P, also referred to as the Log P_,,. Log P, is the log ,
of the ratio of the equilibrium concentrations of the alcohol
or other antimicrobial material in 1-octanol saturated with
water (COi) and water saturated with 1-octanol (CWi). Log
P, =log,,(COi/CWi). Negative values of Log P_,, represent
substances that are more soluble in water, while positive
values of Log P, represent substances that are more soluble
in n-octanol. In general, the more soluble an antimicrobial
material is in n-octanol the more effective the antimicrobial
material may be in reducing populations of microorganisms
in aqueous solutions. It may be predicted that isopropanol
will be a more effective antimicrobial than methanol, etha-
nol, and acetone based on the Log P,

While alcohols such as methanol, ethanol, and isopropa-
nol and ketones such as acetone have proven effective in
reducing viable populations of microorganisms, certain sub-
stantial problems remain unaddressed with their use.

A first substantial problem with the use of certain alcohols
such as methanol and certain ketones such as acetone in or
as compositions for the reduction of viable populations of
microorganisms can be their relatively high vapor pressures
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and relatively low flashpoints (FP). In this regard, alcohols
and ketones conventionally included in antimicrobial com-
positions can have vapor pressures and flashpoints which
allow ignition even without direct contact with the ignition
source and may be regulated as workplace hazards. Addi-
tionally, alcohols and ketones conventionally used as or in
antimicrobial compositions may have to be shipped as
flammable materials under United States Department of
Transportation (“DOT”) guidelines. Flammable materials
can be more costly to transport than materials which are not
characterized as flammable under DOT guidelines.

Another substantial problem with the use of alcohols such
as methanol, ethanol and isopropanol and ketones such as
acetone can be that upon application to viable populations of
microorganisms the rate of evaporation can limit the dura-
tion of time a viable population of microorganisms is
exposed to alcohol or ketone. Even as aqueous mixtures,
alcohols and ketones can evaporate from the aqueous mix-
ture at a rate which alters the efficacy of the mixture as the
concentration of the alcohol or ketone in the mixture reduces
over time.

The instant invention provides a differential evaporation
potentiated disinfectant system which provides antimicro-
bial compositions and methods of using such antimicrobial
compositions to potentiate the active components of the
composition for the reduction of viable populations of
microorganisms in conditioning, cleaning or disinfection of
surfaces.

II. SUMMARY OF THE INVENTION

Accordingly, a broad object of the invention can be to
provide a differential evaporation potentiated disinfectant
system which includes differential evaporation potentiated
antimicrobial compositions and methods of using such dif-
ferential evaporation potentiated antimicrobial compositions
to reduce populations of viable microorganisms.

The terms “disinfectant” means a composition which
upon engagement with a population of viable microorgan-
isms provides greater than a 2-log, , order reduction (greater
than 99% reduction) in the population of viable microor-
ganisms (also referred to herein as an “antimicrobial com-
position™). The term “disinfection” means a greater than a
2-log,, order reduction (greater than 99% reduction) in the
population of viable microorganisms. The term “viable
microorganism” means a microorganism capable of repro-
duction. The term “reduction in the population of viable
microorganisms” means rendering all or a portion of a
population of microorganisms incapable of reproduction
whether achieved by killing all or a portion of the population
of microorganisms or otherwise incapacitating reproduction
of all or a portion of the population of microorganisms. The
term “differential evaporation potentiated” means a mainte-
nance or increase in the concentration of the antimicrobially
active agent(s) included in a composition due to the greater
rate of evaporation of the inactive agent(s) included in the
composition providing a greater than 2-log, , order reduction
in the population of viable microorganisms, whether upon
application or after elapse of a duration of time after
application to a viable population of microorganisms.

A second broad object of the invention can be to provide
differential evaporation potentiated antimicrobial composi-
tions which include a mixture of an amount of antimicro-
bially active agent and an amount of inactive agent each
soluble in the other and each establishing an equilibrium
between the liquid and vapor phase in accordance with
Raoult’s law which results in maintenance or an increase in
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concentration of the antimicrobially active agent over a
duration of time. While certain embodiments of the differ-
ential evaporation potentiated antimicrobial compositions
may include an amount of one antimicrobially active agent
and an amount of one inactive agent the invention is not so
limited and the amount of antimicrobial agent can include at
least one antimicrobially active agent or a plurality of
antimicrobially active agents and the amount of inactive
agent can include at least one inactive agent or a plurality of
inactive agents the concentrations established in various
permutations and combinations which afford a differential
evaporation potentiated antimicrobial composition. As
shown by FIG. 1, the relationship of the concentrations in
liquid phase and vapor phase for one constituent in a mixture
which comes to equilibrium in accordance with Raoult’s law
is represented by line A.

A third broad object of the invention can be to provide
differential evaporation potentiated antimicrobial composi-
tions which include a mixture of an amount of antimicro-
bially active agent and an amount of inactive agent each
soluble in the other and each establishing an equilibrium
between the liquid and vapor phase as an azeotrope which
results in maintenance or an increase in concentration of the
antimicrobially active agent over a duration of time. Again,
while certain embodiments of the differential evaporation
potentiated antimicrobial compositions may include an
amount of one antimicrobially active agent and an amount of
one inactive agent the invention is not so limited and the
amount of antimicrobial agent can include at least one
antimicrobially active agent or a plurality of antimicrobially
active agents and the amount of inactive agent can include
at least one inactive agent or a plurality of inactive agents the
concentrations established in various permutations and com-
binations which as an azeotrope affords a differential evapo-
ration potentiated antimicrobial composition. As shown by
FIG. 1, the relationship of the concentrations in liquid phase
and vapor phase for one constituent in a mixture which
comes to equilibrium from an azeotropic composition is
shown by lines B and G.

As a non-limiting example, Line G represents the equi-
librium between the liquid phase and the vapor phase of a
binary azeotrope composition including an amount of diac-
etone alcohol combined with an amount of water as a
non-limiting example. Point H on Line G represents the
azeotrope point, which for the particular example of diac-
etone alcohol may correspond to a concentration of about
12.7 grams of diacetone alcohol per 100 grams of the
combination of diacetone alcohol and water, or about 13.4%
diacetone alcohol volume to volume (“v/v”). A composition
established at the azeotrope when evaporated produces a
vapor having the same ratio of constituents as the original
concentration of the composition as a liquid. However, an
initial concentration of diacetone alcohol such as 20% (v/v)
(Point J on Line G) in water will cause a shift in the
vapor-equilibrium to the right on Line G towards point K
and point L, where the differential loss of water to the vapor
phase increases. Conversely, an initial concentration of
diacetone alcohol such as 10% (v/v) will cause a shift in the
vapor-equilibrium to the left on Line G, where the differ-
ential loss of diacetone alcohol to the vapor phase increases.

Based on the azeotropre point of 13.4% (v/v) (H) shown
in FIG. 1, for example, an initial concentration of diacetone
alcohol such as 10% (v/v) in water does not define an
antimicrobial composition then evaporation of all or a part
of the amount of the diacetone alcohol and water composi-
tion fluidically engaged with a population of microorgan-
isms will not increase the concentration of the diacetone
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alcohol in the composition, but rather over a duration of time
the concentration of diacetone alcohol in water will
decrease. Accordingly, an initial concentration of 10% (v/v)
diacetone alcohol in water may not be potentiated, at stan-
dard atmospheric pressure, toward an antimicrobially active
composition to reduce the population of viable microorgan-
isms.

Conversely, if an initial concentration of diacetone alco-
hol which exceeds the azeotrope point in water does not
define an antimicrobial composition but a greater concen-
tration of diacetone alcohol does define an antimicrobial
composition, then evaporation of all or a part of the amount
of the diacetone alcohol and water composition fluidically
engaged with a population of microorganisms can increase
the concentration of the diacetone alcohol in the composi-
tion over a duration of time and the composition can be
potentiated to provide an antimicrobially active composition
which can reduce the population of viable microorganisms.

Additionally, if an initial concentration of diacetone alco-
hol which exceeds the azeotrope point in water defines an
antimicrobial composition, then evaporation of all or a part
of the amount of the diacetone and water composition can
increase the concentration of the diacetone alcohol in the
antimicrobial composition over a duration of time. Accord-
ingly, evaporation of an amount of the antimicrobial com-
position can occur without loss of antimicrobial activity and
the antimicrobial composition can be potentiated to provide
an increased level of antimicrobial activity as compared with
the initial concentration of the antimicrobial composition.

A fourth broad object of the invention can be to provide
differential evaporation potentiated antimicrobial composi-
tions which are as effective or more effective in reducing
populations of microorganisms as compared to conventional
antimicrobial compositions. Now referring primarily to
Table 2 and FIG. 1, it can be understood that a conventional
antimicrobial composition of 70% isopropanol in water is
well below the azeotrope point of about 87.40% (w/w) or
89.83% (v/v)(see Line B, point C). Accordingly, evaporation
of all or a part of the amount of a conventional isopropanol
in water antimicrobial composition can shift the liquid-vapor
equilibrium to the left toward points D, E, and F on Line B
and the concentration of isopropanol in the liquid phase can
decrease over a duration of time. As a result, the level of
antimicrobial efficacy of such amounts of isopropanol in
water upon evaporation can be reduced or lost over the
duration of time. Conversely, the inventive differential
evaporation potentiated antimicrobial composition of 15%
(v/v or w/w) diacetone alcohol is well above the azeotrope
point of about 12.70 (w/w) or 13.43% (v/v). Additionally, it
takes a lesser percent of the antimicrobially active agent per
volume of composition to prepare this particular embodi-
ment of an inventive differential evaporation potentiated
antimicrobial composition of 15% (v/v) diacetone alcohol in
water than to prepare the conventional antimicrobial com-
position of 70% (v/v) isopropanol in water.

TABLE 2
Molecular
Weight Density azeotrope  azeotrope azeotrope
(g/mole)  (g/ml) % mol/mol % w/iw % vol/vol
AZEOTROPE OF ISOPROPANOL IN WATER
Isopropanol 60 0.785 67.5% 87.40% 89.83%
H,0 18 1.000 32.5% 12.60% 10.17%

AZEOTROPE OF DIACETONE ALCOHOL IN WATER
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TABLE 2-continued
Molecular
Weight Density azeotrope  azeotrope azeotrope
(g/mole)  (g/ml) % mol/mol % w/iw % vol/vol
Diacetone 116 0.938 2.2% 12.70% 13.43%
Alcohol
H,0 18 1.000 97.8% 87.30% 86.57%

Now referring primarily to FIG. 2, Line A shows the
change in fluid volume of 70% (v/v) isopropanol in water (a
conventional antimicrobial composition) caused by evapo-
ration, while line B represents the change in fluid phase
concentration of the same 70% (v/v) isopropanol in water
occurring during the same fluid volume change. As to this
particular example, complete evaporation of an amount of
70% (v/v) isopropanol in water can occur over about 15 time
units. Line C represents the change in fluid volume of'a 20%
(v/v) solution of diacetone alcohol in water caused by
evaporation (a particular embodiment of the inventive dif-
ferential evaporation antimicrobial composition), while line
D represents the change in fluid phase concentration of the
same 20% (v/v) diacetone alcohol in water occurring during
the same fluid volume change. In this case, complete evapo-
ration can occur in approximately 75 time units. Compara-
tively, the 20% (v/v) diacetone alcohol in water can be
engaged with a population of microorganisms for a greater
duration of time than the conventional antimicrobial com-
position without reapplication of an additional amount
because evaporation occurs at a slower rate as shown by
Table 3.

TABLE 3
Relative Evaporation Rates
ethanol 2.80 70% (v/v) isopropanol (estimated) 1.68
isopropanol 2.10 40% (v/v) diacetone alcohol (estimated) 0.27
acetone 11.60 20% (v/v) diacetone alcohol (estimated) 0.31
diacetone alcohol 0.14 10% (v/v) 2-butoxyethanol (estimated) 0.33
2-butoxyethanol 0.06 20% (v/v) 2-butoxyethanol (estimated) 0.30
water 0.36
BuAc (reference) 1.00

Again referring primarily to FIG. 2, Line B, if 10% (v/v)
isopropanol provides the minimum effective concentration
to provide any reduction in a population of viable microor-
ganisms, then the concentration of isopropanol remaining
during the last 2-5 time units may not afford any additional
reduction in the population of viable microorganisms
because the concentration of isopropanol in the composition
has been reduced by evaporation to less than 10% (v/v). By
comparison, Line C represents the change in fluid volume of
a 20% (v/v) solution of diacetone alcohol in water, while line
D represents the change in concentration of diacetone alco-
hol in water. As to this non-limiting example, if 10%
diacetone alcohol (v/v) is the minimum concentration to
provide an antimicrobial composition, then the entire 75
time units provide an antimicrobial composition because the
concentration of diacetone alcohol increases over the 75
time units in accordance with embodiments of differential
evaporation potentiated antimicrobial compositions.

A fitth broad object of the invention can be to provide
differential evaporation potentiated antimicrobial composi-
tions which use one or a plurality of antimicrobially active
agent(s) that have a Log P between about —1.0 and +1.0 or
in a preferred range of about —0.30 and about +1.0. Solvents
with Log P values above about 1.0 or 1.5 are usually not
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miscible with water and can be tolerated by certain kinds of
microorganism. Substances such as sugars, amino acids, and
other highly-water soluble materials, that have large nega-
tive Log P values, are also typically tolerated by most
microorganisms. One non-limiting example of an embodi-
ment of the inventive differential evaporation potentiated
antimicrobial composition provides 20% (v/v) diacetone
alcohol (CAS 123-42-2) which has a Log P of about -0.14.
By comparison, while the Log P of isopropanol of about
+0.05 compares favorably with 20% (v/v) diacetone alcohol
in water, mixtures of isopropanol in water have all of the
disadvantages above-discussed.

A sixth broad object of the invention can be to provide a
method by which differential evaporation potentiated anti-
microbial compositions can be identified from a numerous
and varied group of substances.

Naturally, further objects of the invention are disclosed
throughout other areas of the specification, drawings, and
claims.

III. A BRIEF DESCRIPTION OF THE
DRAWINGS

FIG. 1 is a vapor-liquid phase equilibria diagram which
shows the relationship of the concentrations in liquid phase
and vapor phase for one constituent.

FIG. 2 is a diagram which shows the relationship between
change in liquid phase concentration of a constituent and
change in volume of the liquid phase for particular conven-
tional and inventive mixtures.

FIG. 3 is a block diagram which provides the steps of a
particular method of selecting substances which can be
utilized in embodiments of the inventive differential evapo-
ration potentiated disinfection system.

FIG. 4 provides chemical structures for particular alpha
hydroxyketones which can be utilized to produce embodi-
ments of the inventive differential evaporation potentiated
disinfection system.

FIG. 5 provides chemical structures for particular beta
hydroxyketones which can be utilized to produce embodi-
ments of the inventive differential evaporation potentiated
disinfection system.

FIG. 6 provides chemical structures for particular ethyl-
ene glycol monoethers which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 7 provides chemical structures for particular ethyl-
ene glycol diethers which can be utilized to produce embodi-
ments of the inventive differential evaporation potentiated
disinfection system.

FIG. 8 provides chemical structures for particular ethyl-
ene glycol ether esters which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 9 provides chemical structures for particular propyl-
ene glycol monoethers which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 10 provides chemical structures for particular pro-
pylene glycol diethers which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 11 provides chemical structures for particular pro-
pylene glycol ether esters which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.
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FIG. 12 provides chemical structures for particular buty-
lene glycol monoethers which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 13 provides chemical structures for particular buty-
lene glycol diethers which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 14 provides chemical structures for particular buty-
lene glycol monoether esters which can be utilized to
produce embodiments of the inventive differential evapora-
tion potentiated disinfection system.

FIG. 15 provides chemical structures for particular eth-
ylene glycol monoesters which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 16 provides chemical structures for particular eth-
ylene glycol diesters which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 17 provides chemical structures for particular pro-
pylene glycol monoesters which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 18 provides chemical structures for particular pro-
pylene glycol diesters which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 19 provides chemical structures for particular pro-
pylene glycol diesters which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 20 provides chemical structures for particular buty-
lene glycol esters which can be utilized to produce embodi-
ments of the inventive differential evaporation potentiated
disinfection system.

FIG. 21 provides chemical structures for particular
oximes which can be utilized to produce embodiments of the
inventive differential evaporation potentiated disinfection
system.

FIG. 22 provides chemical structures for particular dim-
ethylaminoalcohols which can be utilized to produce
embodiments of the inventive differential evaporation
potentiated disinfection system.

FIG. 23 provides chemical structures for particular pyri-
dines which can be utilized to produce embodiments of the
inventive differential evaporation potentiated disinfection
system.

FIG. 24 provides chemical structures for particular ali-
phatic alcohols which can be utilized to produce embodi-
ments of the inventive differential evaporation potentiated
disinfection system.

IV. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Generally, differential evaporation potentiated antimicro-
bial compositions and methods of using such differential
evaporation potentiated antimicrobial compositions to pro-
vide a reduction in populations of viable microorganisms.
Specifically, antimicrobial compositions which include an
antimicrobially active agent soluble in an inactive agent with
the antimicrobially active agent potentiated by differential
evaporation providing reduction in a population of viable
microorganisms.

Now referring primarily to FIG. 3, a block diagram
provides the steps of a particular method of selecting sub-
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stances which can be utilized in embodiments of the differ-
ential evaporation potentiated disinfection system. In a first
selection step (1), a determination can be made as to whether
an amount of substance (2) is fully miscible or highly
soluble in an amount of water (3) at a temperature of
between about 5° C. and about 90° C. at about 760 mm Hg.
The miscibility of the amount of substance (2) and the
amount of water (3) can be assessed by measuring the
partition co-efficient of the amount of the substance solubi-
lized in water under standard conditions of temperature and
pressure.

If an amount of substance (2) can be shown to be fully
miscible or highly soluble in an amount of water (3) as
above described, then in a second selection step (4) a
determination can be made as to whether the amount of
substance (2) has a melting point at standard atmospheric
pressure of below about 0° C. and more preferably below
about —20° C. The melting point of the amount of substance
can be determined by performing a melting point assessment
as described in Product Properties Test Guidelines, OPPTS
830.7200, Melting Point/Melting Point Range, United States
Environmental Protection Agency (1996), hereby incorpo-
rated by reference.

If the amount of substance (2) can be shown to have a
melting point below about 0° C., then in a third selection
step (5), a determination can be made as to whether the
amount of substance has a boiling point at standard atmo-
spheric pressure above about 110° C. and preferably above
about 140° C. The boiling point of the amount of substance
can be determined by performing a boiling point assessment
as described in Product Properties Test Guidelines, OPPTS
830.7220, Boiling Point/Boiling Point Range, United States
Environmental Protection Agency (1996), hereby incorpo-
rated by reference.

If the amount of substance (2) has a boiling point at
standard atmospheric pressure above about 110° C., them in
a fourth selection step (6) a determination can be made as to
whether in the absence of water the amount of substance (2)
has a flash point at standard atmospheric pressure that is
above about 40° C. The flash point of the amount of
substance can be determined by performing a flash point
assessment as described in ASTM D7094-04 Standard Test
Method for Flash Point by Modified Continuously Closed
Cup (MCCCFP) Tester, ASTM International (2007), hereby
incorporated by reference.

If in the absence of water, the amount of substance (2) has
a flash point at standard atmospheric pressure that is above
about 40° C., then in a fifth selection step (7) a determination
can be made as to whether the amount of substance (2) when
combined with the amount of water (3) has a flash point at
standard atmospheric pressure above about 70° C. This
flashpoint assessment can be made as above-described.

If the amount of substance (2) when combined with the
amount of water (3) has a flash point at standard atmospheric
pressure above about 70° C., then in a sixth selection (8), a
determination can be made as to whether the amount of
substance (2) has Log P value of between about —0.20 and
about +0.8. The Log P of the amount of substance (2) can be
assessed by performing the Log P assessment as described
by “Slow-stirred Method for Determining the n-Octanol/
Water Partition Coefficient (P,_,) for Highly Hydrophobic
Chemicals Performance Evaluation in a Ring Test, Environ-
mental Toxicology and Chemistry, Vol. 22, Issue 5 (May
2003).

If the amount of substance (2) has a Log P value of
between about —0.20 and about +0.8, then in an seventh
selection step (9), a determination can be made as to a range
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of concentrations of the amount of substance (2) combined
with the amount of water (3) in which a differential evapo-
ration potentiated composition (10) can be generated. The
range can be assessed by generation of vapor-liquid phase
equilibria as shown by FIG. 1 and as above-described.

If'a range of concentrations of the amount of substance (2)
generates a differential evaporation potentiated composition
(10), then in an eighth selection step (11) a determination
can be made as to whether the differential evaporation
potentiated composition (10) identified provides a greater
than a 2-log,, order reduction in a population of viable
microorganisms (19) upon fluidic engagement to identify
and isolate differential evaporation potentiated antimicrobial
compositions (12). A particular non-limiting assay to deter-
mine whether the a differential evaporation potentiated
compositions (10) further afford a differential evaporation
potentiated antimicrobial compositions (12) is to provide
cultures of microorganisms such as Staphylococcus aureus
(ATCC 6538, MRI Sta 21), Pseudomonas aeruginosa
(ATCC 9027, MRI PS 10, and Salmonella Choleraesuis
(ATCC 13312, MRI SC 1 or other selected SC) prepared and
suspended in Mueller Hinton Broth (MHB) to about 0.5
McFarland turbidity standard. These bacteria cultures can be
diluted to obtain concentrations of about 107 through about
10 CFU/ml and 10 ul of each dilution can be spread onto a
glass coverslip with a sterile loop and allowed to dry.
Afterwards, the coverslips containing 10° to 10* CFU can be
placed inside of petri dish. Different concentrations of the
amount of substance can be applied to the cover slips with
a nebulizer as described by Germicidal Spray Products as
Disinfectants, Method 961.02, AOAC International (2004).

As a non-limiting example, isopropyl alcohol (IPA) and
diacetone alcohol (DAA) can be assessed as above described
by obtaining aqueous mixtures of IPA at concentrations of
55% wiw, 20% w/w, and 5% w/w. DAA can be assessed by
providing concentrations of 60% w/w, 10% w/w, and 6%
w/w in water. An amount of each concentration of IPA and
DAA can be applied to a corresponding cover slip and
evaporated to dryness. A nutrient agar lightly pressed against
the coverslips allows contact of microorganisms on the
coverslips with the nutrient agar. The nutrient agar can be
incubated for 48 hours at 37° C. in contact with the cover-
slips and then observed for microbial reproduction in the
region where the coverslips contact the nutrient agar.
Untreated coverslips can be used as a positive control.
Particular examples of utilizing the method are set forth
below.

An additional ninth selection step (13) can include a
determination as to whether the differential evaporation
potentiated antimicrobial composition (12) identified in step
8 (11) evaporates to dryness without leaving a residue (14)
whether because the amount of the differential evaporation
potentiated antimicrobial composition (12) left on a treated
surface after complete evaporation is not detectable or the
amount of the differential evaporation potentiated antimi-
crobial composition (12) left on a treated surface after
complete evaporation meets an accepted guideline for an
industry as having evaporated without leaving a residue.

Again as an additional tenth selection step (15) a deter-
mination can be made as to whether each of the isolated
differential evaporation potentiated antimicrobial composi-
tions (12) pose any environmental, workplace, or health
hazard concerns (16) sufficiently great to eliminate the
isolated differential evaporation potentiated antimicrobial
compositions (12) from being utilized to provide a greater
than a 2-log,, order reduction in a population of viable
microorganisms (19).
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Again in an additional eleventh selection step (17) a
determination can be made as to whether the cost per unit
poses an economic barrier (18) to utilizing the isolated
differential evaporation potentiated antimicrobial composi-
tions (12) from being utilized to provide a greater than a
2-log,, order reduction in a population of viable microor-
ganisms (19).

Again referring primarily to FIG. 3, by applying the
method of selecting differential evaporation potentiated
compositions to a numerous and varied plurality of sub-
stances (2), several groups of differential evaporation poten-
tiated compositions (10) were identified which can be uti-
lized as an antimicrobially active agent (20) soluble in an
inactive agent (21) to produce numerous and varied differ-
ential evaporation potentiated antimicrobial compositions
(12). However, the differential evaporation potentiated com-
positions (10) identified are not intended to be limiting with
respect to use of the method to identify additional differen-
tial evaporation potentiated compositions (10) or limiting
with respect to the scope of differential evaporation poten-
tiated compositions (10) and differential evaporation poten-
tiated antimicrobial compositions (12) encompassed by the
invention. Rather, the particular method described is
intended to provide the person of ordinary skill with a
practical example of how to identify, make and use the
numerous and wide variety of differential evaporation poten-
tiated compositions (10) and differential evaporation poten-
tiated antimicrobial compositions (12) described herein and
which may be identified and isolated by alternate methods.

Now referring primarily to FIG. 4, differential evapora-
tion potentiated compositions (10) can include an alpha
hydroxyketone selected from the group consisting of: 3-hy-
droxy-2-butanone, 3-hydroxy-2-pentanone, 2-hydroxy-3-
pentanone, 3-hydroxy-3-methyl-2-pentanone, 3-hydroxy-4-
methyl-2-pentanone, 4-hydroxy-2-methyl-3-pentanone,
3-hydroxy-2-hexanone, 4-hydroxy-3-hexanone, 4-hydroxy-
4-methyl-3-hexanone, 4-hydroxy-5-methyl-3-hexanone,
4-hydroxy-3-heptanone, 4-hydroxy-5-octanone.

An alpha hydroxyketone can provide an antimicrobially
active agent (20) soluble in an inactive agent (21) such as
water within a temperature range of between about 5° C. and
about 90° C. at about 760 mm Hg, and having a boiling point
greater than said inactive agent (21) of between about 10° C.
and about 90° C. which allows the inactive agent (21) to
evaporate from a mixture of the inactive agent (21) and the
alpha hydroxyketone at a greater rate than the alpha
hydroxyketone within the temperature range of between
about 5° C. and about 90° C. at about 760 mm Hg, to provide
a differential evaporation potentiated antimicrobial compo-
sition (12) which can provide greater than a 2-log,, order
reduction in a population of viable microorganisms (19).

Now referring primarily to FIG. 5, differential evapora-
tion potentiated compositions (10) can include a beta
hydroxyketone selected from the group consisting of: 4-hy-
droxy-2-butanone, 4-hydroxy-2-pentanone, 1-hydroxy-3-
pentanone, 4-hydroxy-4-methyl-2-pentanone (DAA), 4-hy-
droxy-2-hexanone, 5-hydroxy-4-methyl-3-hexanone,
5-hydroxy-5-methyl-3-hexanone, 5-hydroxy-3-heptanone,
5-hydroxy-5-methyl-3-heptanone, 3-hydroxy-3-methyl-5-
heptanone, 4-hydroxy-3,4-dimethyl-2-hexanone.

A beta hydroxyketone can provide an antimicrobially
active agent (20) soluble in an inactive agent (21) such as
water within a temperature range of between about 5° C. and
about 90° C. at about 760 mm Hg, and having a boiling point
greater than said inactive agent (21) of between about 10° C.
and about 90° C. which allows the inactive agent (21) to
evaporate from a mixture of the inactive agent (21) and the
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beta hydroxyketone at a greater rate than the beta
hydroxyketone within the temperature range of between
about 5° C. and about 90° C. at about 760 mm Hg, to provide
a differential evaporation potentiated antimicrobial compo-
sition (12) which can provide greater than a 2-log,, order
reduction in a population of viable microorganisms (19).

As but one non-limiting example of a particular embodi-
ments of an inventive differential evaporation potentiated
antimicrobial composition (12), an amount of 4-hydroxy-4-
methyl-2-pentanone (also referred to as “diacetone alcohol”
or “DAA”) can be combined with water to provide between
about 10% and about 95% 4-hydroxy-4-methyl-2-pentanone
(v/v), or between about 20% and about 95% 4-hydroxy-4-
methyl-2-pentanone (v/v), or between about 20% and about
40% 4-hydroxy-4-methyl-2-pentanone (v/v), or not less than
10% 4-hydroxy-4-methyl-2-pentanone (v/v), or a concen-
tration of 4-hydroxy-4-methyl-2-pentanone (v/v) above the
azeotrope point which allows water to evaporate from the
mixture at a greater rate than 4-hydroxy-4-methyl-2-pen-
tanone.

Now referring primarily to Table 4 and FIG. 5, embodi-
ments of the inventive differential evaporation potentiated
antimicrobial composition (12) including DAA at various
concentrations in water were tested as above-described and
compared to various concentrations of IPA in water tested as
above-described. As can be understood from the results set
forth in Table 4, IPA at concentrations of 6% and 25% in
water did not reduce the population of viable microorgan-
isms. IPA and DAA at concentrations at which the IPA and
the DAA evaporated from the mixture at a greater rate than
the water performed similarly to reduce populations of
microorganisms to less than 50% of the number of colonies
counted in the corresponding positive control plate. DAA at
concentrations at which water evaporated at a greater rate
than DAA from the mixture provided greater reduction of
populations of microorganisms than 70% IPA (v/v) and
provided greater reduction of populations of microorgan-
isms than concentrations of DAA which evaporated from the
mixture at a greater rate than the water.

TABLE 4
Active Inactive Evaporated
Component % viv Component % viv from coverslip
Isopropanol 70% Water 30% X
Isopropanol 25% Water 75% ---0---
Isopropanol 6% Water 94% ---0---
DAA 60% Water 40% XXX
DAA 10% Water 90% XX
DAA 6% Water 94% X

“XXX” denotes a plate in which zero colonies were present, representing complete
reduction of the number of microorganisms (>5 Log;, reduction).

“XXx” denotes a plate where the number of colonies represented less than 1% of the
number of colonies counted in the corresponding positive control plate, representing nearly
complete reduction of the number of microorganisms (>4 Log,, reduction).

“XX” denotes a plate where the number of colonies represented less than 10% of the
number of colones counted in the corresponding positive control plate, representing a
significant reduction of the number of microorganisms (>3 Log,, reduction).

“X” denotes a plate where the number of colonies represented less than 50% of the number
of colonies counted in the corresponding positive control plate, representing reduction of
the number of microorganisms (<2 Log;, reduction).

“---0---" denotes a plate where the numbers of colonies represented more than 50% of the
number of colonies counted in the corresponding positive control plate, representing no
significant reduction in the population of viable microorganisms (0 to 1 Log), reduction).

Now referring primarily to Table 5 and FIG. 5, DAA at
concentrations of between about 3% and 15% in water (v/v)
were comparatively tested for antimicrobial efficacy in a
non-evaporative procedure and an evaporative procedure to
provide a non-limiting example of evaporative potentiation
of DAA. The non-evaporative and evaporative procedures
included 50 pl. of an overnight Staphylococcus aureus
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(ATCC 6538, ~10° CFU/mL) culture added to each 2 mL
sterile plastic vial with a conical bottom and dried without
capping in a centrifuge for 30 minutes. One hundred micro-
liters of the solution being tested was added to each vial (as
triplicate vials) either let set for 60 minutes (non-evapora-
tive) or evaporated in a centrifuge for 60 minutes (evapo-
rative), with time to evaporate being determined by each
DAA mixtures own evaporative characteristic. To the non-
evaporated vials, 400 pul. Mueller Hinton Broth (MHB) was
added to the vial and 100 pL. was plated onto Nutrient agar
(NA). To the evaporated vials, 500 uL. of MHB was added
and 100 pl. was plated onto NA. Plates were incubated
overnight at ~37° C. and counted (the “Potentiation Assay”).

As can be understood from the results set forth in Table
5, DAA at all concentrations tested can be potentiated by
evaporation. In contrast, IPA becomes less effective as an
antimicrobial composition as evaporation occurs and cannot
be potentiated.

TABLE 5
Non-

evaporated Evaporated
Active Inactive Log 10 Log 10
Component % v/v Component % v/v. Reduction Reduction
DAA 15% Water 85% XXx XXX
DAA 10% Water 90% ---0--- XX
DAA 6%  Water 94% ---0--- X
DAA 3%  Water 97% ---0--- X
IPA 70%  Water 30% XXX XXX
IPA 20% Water 80% XXX ---0---
IPA 10% Water 90% -=-0--- - 0---

“XXX” denotes a plate in which zero colonies were present, representing complete
reduction of the number of microorganisms (>5 Log), reduction).

“XXx” denotes a plate where the number of colonies represented less than 1% of the
number of colonies counted in the corresponding positive control plate, representing nearly
complete reduction of the number of microorganisms (>4 Log;, reduction).

“XX” denotes a plate where the number of colonies represented less than 10% of the
number of colonies counted in the corresponding positive control plate, representing a
significant reduction of the number of microorganisms (>3 Log, reduction).

“X” denotes a plate where the number of colonies represented less than 50% of the number
of colonies counted in the corresponding positive control plate, representing reduction of
the number of microorganisms (<2 Log;, reduction).

“---0---" denotes a plate where the numbers of colonies represented more than 50% of the
number of colonies counted in the corresponding positive control plate, representing no
significant reduction in the population of viable microorganisms (0 to 1 Log; reduction).

Now referring primarily to FIG. 6, differential evapora-
tion potentiated compositions (10) can include an ethylene
glycol monoether selected from the group consisting of:
ethylene glycol monoethyl ether, ethylene glycol monopro-
py!l ether, ethylene glycol monobutyl ether (EGMBE), eth-
ylene glycol monopentyl ether, and ethylene glycol mono-
hexyl ether.

An ethylene glycol monoether can provide an antimicro-
bially active agent (20) soluble in an inactive agent (21) such
as water within a temperature range of between about 5° C.
and about 90° C. at about 760 mm Hg, and having a boiling
point greater than the inactive agent (20) of between about
10° C. and about 90° C. which allows the inactive agent (20)
to evaporate from a mixture of the inactive agent (20) and
the ethylene glycol monoether at a greater rate than the
ethylene glycol monoether within the temperature range of
between about 5° C. and about 90° C. at about 760 mm Hg,
to provide a differential evaporation potentiated antimicro-
bial composition (12) which can provide greater than a
2-log,, order reduction in a population of viable microor-
ganisms (19).

Now referring primarily to Table 6 and FIG. 6, as a
non-limiting example EGMBE at concentrations of between
about between about 5% and about 95% in water (v/v) and
more preferably between about 5% and about 15% in water
(v/v) were comparatively tested for antimicrobial efficacy in
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a non-evaporative procedure and an evaporative procedure
to provide a non-limiting example of evaporative potentia-
tion of EGMBE by the Potentiation Assay above-described.

As can be understood from the results set forth in Table
6, certain concentrations of EGMBE tested can be potenti-
ated by evaporation.

w

TABLE 6
Non- 10

evaporated Evaporated
Active Inactive Log 10 Log 10
Component % v/v Component % v/v Reduction  Reduction
EGMBE 15% Water 85% XXX XXX
EGMBE 10% Water 90% XXX XXX 15
EGMBE 5%  Water 95% ---0--- XX

Now referring primarily to FIG. 7, differential evapora-
tion potentiated compositions (10) can include an ethylene
glycol diether selected from the group consisting of: ethyl-
ene glycol dimethyl ether, ethylene glycol diethyl ether, and
ethylene glycol dipropyl ether.

The ethylene glycol diether can provide an antimicrobi-
ally active agent (20) soluble in an inactive agent (21) such
as water within a temperature range of between about 5° C.
and about 90° C. at about 760 mm Hg, and having a boiling
point greater than the inactive agent (21) of between about
10° C. and about 90° C. which allows the inactive agent (21)
to evaporate from a mixture of the inactive agent (21) and
the ethylene glycol diether at a greater rate than the ethylene
glycol diether within the temperature range of between
about 5° C. and about 90° C. at about 760 mm Hg, to provide
a differential evaporation potentiated antimicrobial compo-
sition (12) which can provide greater than a 2-login order
reduction in a population of viable microorganisms (19).

Now referring primarily to FIG. 8, differential evapora-
tion potentiated compositions (10) can include an ethylene
glycol ether ester selected from the group consisting of:
ethylene glycol monomethyl ether acetate (EGMEA), eth-
ylene glycol monoethyl ether acetate, ethylene glycol 4
monomethyl ether butyrate, and ethylene glycol monoethyl
ether butyrate.

Now referring primarily to Table 7 and FIG. 8, as a
non-limiting example EGMEA at concentrations of between
about between about 15% and about 95% in water (v/v) and
more preferably between about 15% and about 30% in water
(v/v) were comparatively tested for antimicrobial efficacy in
a non-evaporative procedure and an evaporative procedure
to provide a non-limiting example of evaporative potentia-
tion of EGMEA by the Potentiation Assay above-described.

As can be understood from the results set forth in Table
6, certain concentrations of EGMEA tested can be potenti-
ated by evaporation.

(]
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TABLE 7
Non-
evaporated Evaporated

Active Inactive Log 10 Log 10
Component % v/v Component % v/v Reduction  Reduction 0
EGMEA 15% Water 85% ---0--- XX
EGMEA 10% Water 90% --0--- - 0---
EGMEA 5%  Water 95% --0--- - 0---

Now referring primarily to FIG. 9, differential evapora-
tion potentiated compositions (10) can include a propylene
glycol monoether selected from the group consisting of:
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propylene glycol monomethyl ether, propylene glycol
monoethyl ether, propylene glycol monopropyl ether, pro-
pylene glycol monobutyl ether, and propylene glycol mono-
pentyl ether.

Now referring primarily to FIG. 10, differential evapora-
tion potentiated compositions (10) can include a propylene
glycol diether selected from the group consisting of propyl-
ene glycol dimethyl ether, and propylene glycol diethyl
ether.

Now referring primarily to FIG. 11 differential evapora-
tion potentiated compositions (10) can include a propylene
glycol ether ester selected from the group consisting of:
propylene glycol monomethyl ether acetate, propylene gly-
col monoethyl ether acetate, propylene glycol monomethyl
ether butyrate.

Now referring primarily to FIG. 12 differential evapora-
tion potentiated compositions (10) can include a butylene
glycol monoether selected from the group consisting of:
butylene glycol monomethyl ether, butylene glycol mono-
ethyl ether, butylene glycol monopropyl ether, and butylene
glycol monobutyl ether.

Now referring primarily to FIG. 13 differential evapora-
tion potentiated compositions (10) can include a butylene
glycol diether selected from the group consisting of: buty-
lene glycol dimethyl] ether, and butylene glycol diethyl ether.

Now referring primarily to FIG. 14 differential evapora-
tion potentiated compositions (10) can include a butylene
glycol monoether ester selected from the group consisting
of: butylene glycol monomethyl ether formate ester, and
butylene glycol monoethyl ether acetate.

Now referring primarily to FIG. 15 differential evapora-
tion potentiated compositions (10) can include an ethylene
glycol monoester selected from the group consisting of:
ethylene glycol monoethyl ester, ethylene glycol monopro-
pyl ester, ethylene glycol monobutyl ester, ethylene glycol
monopentyl ester, and ethylene glycol monohexyl ester.

As to the differential evaporation potentiated composi-
tions (10) shown in FIGS. 9-15 including a propylene glycol
monoether, a propylene glycol diether, a propylene glycol

o ether ester, a butylene glycol monoether, a propylene glycol

diether, a butylene glycol monoether ester, or an ethylene
glycol monoester, each can provide an antimicrobially active
agent (20) soluble in an inactive agent such as water within
a temperature range of between about 5° C. and about 90°
C. at about 760 mm Hg, and having a boiling point greater
than the inactive agent of between about 10° C. and about
90° C. which allows the inactive agent (21) to evaporate
from a mixture of the inactive agent (21) and the propylene
glycol monoether, propylene glycol diether, propylene gly-
col ether ester, butylene glycol monoether, propylene glycol
diether, butylene glycol monoether ester, or ethylene glycol
monoester, at a greater rate than the corresponding one of the
antimicrobially active agents (20) within the temperature
range of between about 5° C. and about 90° C. at about 760
mm Hg, to provide a differential evaporation potentiated
antimicrobial composition (12) which can provide greater
than a 2-log,, order reduction in a population of viable
microorganisms (19).

Now referring primarily to FIG. 16, differential evapora-
tion potentiated compositions (10) can include an ethylene
glycol diester selected from the group consisting of: ethyl-
ene glycol dimethyl ester, ethylene glycol diethyl ester
(EGDA) and ethylene glycol dipropyl ester.

Now referring primarily to Table 8 and FIG. 16, as a
non-limiting example EGDA at concentrations of between
about between about 15% and about 95% in water (v/v) and
more preferably between about 10% and about 30% in water
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(v/v) were comparatively tested for antimicrobial efficacy in
a non-evaporative procedure and an evaporative procedure
to provide a non-limiting example of evaporative potentia-
tion of EGDA by the Potentiation Assay above-described.

As can be understood from the results set forth in Table
8, certain concentrations of EGDA tested can be potentiated
by evaporation.

TABLE 8
Non-

evaporated Evaporated
Active Inactive Log 10 Log 10
Component % v/v Component % v/v Reduction  Reduction
EGDA 15% Water 85% ---0--- XX
EGDA 10% Water 90% ---0--- XX
EGDA 5%  Water 95% --0--- - 0---

Now referring primarily to FIG. 17, differential evapora-
tion potentiated compositions (10) can include a propylene
glycol monoester selected from the group consisting of:
propylene glycol monomethyl ester, propylene glycol mono-
ethyl ester, propylene glycol monopropyl ester, propylene
glycol monobutyl ester, and propylene glycol monopentyl
ester.

Now referring primarily to FIG. 18, differential evapora-
tion potentiated compositions (10) can include a propylene
glycol diester selected from the group consisting of: pro-
pylene glycol dimethyl ester, propylene glycol diethyl ester,
propylene glycol dipropyl ester, propylene glycol dibutyl
ester, and propylene glycol dipentyl ester.

Now referring primarily to FIG. 19, differential evapora-
tion potentiated compositions (10) can include a butylene
glycol diester selected from the group consisting of butylene
glycol dimethyl] ester, butylene glycol diethyl ester, butylene
glycol dipropyl ester, or butylene propylene glycol dibutyl
ester.

Now referring primarily to FIG. 20, differential evapora-
tion potentiated compositions (10) can include a butylene
glycol ester selected from the group consisting of: butylene
glycol methyl ester, or butylene glycol ethyl ester.

The glycol ester, the propylene glycol monoester, the
propylene glycol diester, the butylene glycol diester, the
butylene glycol ester selected from the group can provide an
antimicrobially active agent (20) soluble in an inactive agent
(21) such as water within a temperature range of between
about 5° C. and about 90° C. at about 760 mm Hg, and
having a boiling point greater than the inactive agent of
between about 10° C. and about 90° C. which allows the
inactive agent (21) to evaporate from a mixture of the
inactive agent (21) and the glycol ester, the propylene glycol
monoester, the propylene glycol diester, the butylene glycol
diester, or the butylene glycol ester at a greater rate than the
corresponding one of the antimicrobially active agents (20)
within the temperature range of between about 5° C. and
about 90° C. at about 760 mm Hg, to provide a differential
evaporation potentiated antimicrobial composition (12)
which can provide greater than a 2-login order reduction in
a population of viable microorganisms (19).

Now referring primarily to FIG. 21, differential evapora-
tion potentiated compositions (10) can include an oxime
selected from the group consisting of: 2-butanone oxime
(MEKO), acetone oxime, methylethylketone oxime
(MEKO), 2-pentanone oxime, 3-pentanone oxime, cyclo-
pentanone oxime, 2-hexanone oxime, 3-hexanone oxime
and cyclohexanone oxime.
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Now referring primarily to Table 9 and FIG. 21, as a
non-limiting example MEKO at concentrations of between
about between about 15% and about 95% in water (v/v) and
more preferably between about 10% and about 30% in water
(v/v) were comparatively tested for antimicrobial efficacy in
a non-evaporative procedure and an evaporative procedure
to provide a non-limiting example of evaporative potentia-
tion of EGDA by the Potentiation Assay above-described.

As can be understood from the results set forth in Table
9, certain concentrations of MEKO tested can be potentiated
by evaporation.

TABLE 9
Non-

evaporated Evaporated
Active Inactive Log 10 Log 10
Component % v/v Component % v/v. Reduction Reduction
MEKO 15% Water 85% XXX XXX
MEKO 10% Water 90% XXX XXX
MEKO 5%  Water 95% X X

Now referring primarily to FIG. 21, differential evapora-
tion potentiated compositions (10) can include a dimethyl-
aminoalcohol selected from the group consisting of: 2-di-
methylaminoethanol (DMEA), 2-dimethylamino-1-
propanol, 1-dimethylamino-2-propanol, 1-dimethylamino-
2-butanol and 3-dimethylamino-2-butanol.

Now referring primarily to Table 10 and FIG. 22, as a
non-limiting example DMEA at concentrations of between
about between about 15% and about 95% in water (v/v) and
more preferably between about 10% and about 30% in water
(v/v) were comparatively tested for antimicrobial efficacy in
a non-evaporative procedure and an evaporative procedure
to provide a non-limiting example of evaporative potentia-
tion of DMEA by the Potentiation Assay above-described.

As can be understood from the results set forth in Table
10, certain concentrations of MEKO tested can be potenti-
ated by evaporation.

TABLE 10
Non-

evaporated Evaporated
Active Inactive Log 10 Log 10
Component % v/v Component % v/v. Reduction Reduction
DMEA 15% Water 85% ---0--- XXx
DMEA 10% Water 90% ---0--- XXx
DMEA 5%  Water 95% ---0--- XX

Now referring primarily to FIG. 23, differential evapora-
tion potentiated compositions (10) can include a pyridine
selected from the group consisting of: pyridine, 2-methyl-
pyradine, 3-methylpyradine, 4-methylpyradine.

The pyridine selected from the group can provide an
antimicrobially active agent (20) soluble in an inactive agent
(21) such as water within a temperature range of between
about 5° C. and about 90° C. at about 760 mm Hg, and
having a boiling point greater than the inactive agent (21) of
between about 10° C. and about 90° C. which allows the
inactive agent (21) to evaporate from a mixture of the
inactive agent (21) and the pyridine at a greater rate than the
pyridine within the temperature range of between about 5°
C. and about 90° C. at about 760 mm Hg, to provide a
differential evaporation potentiated antimicrobial composi-
tion (12) which can provide greater than a 2-log,, order
reduction in a population of viable microorganisms (19).
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Now referring primarily to FIG. 24, differential evapora-
tion potentiated compositions (10) can include an aliphatic
alcohol selected from the group consisting of: 1-butanol and
2-butanol.

The aliphatic alcohol selected from the group can provide
an antimicrobially active agent (20) soluble in an inactive
agent (21) such as water within a temperature range of
between about 5° C. and about 90° C. at about 760 mm Hg,
and having a boiling point greater than the inactive agent
(21) of between about 10° C. and about 90° C. which allows
the inactive agent (21) to evaporate from a mixture of the
inactive agent (21) and the butanol at a greater rate than the
butanol within the temperature range of between about 5° C.
and about 90° C. at about 760 mm Hg, to provide a
differential evaporation potentiated antimicrobial composi-
tion (12) which can provide greater than a 2-log,, order
reduction in a population of viable microorganisms (19).

As can be easily understood from the foregoing, the basic
concepts of the present invention may be embodied in a
variety of ways. The invention involves numerous and
varied embodiments of a differential evaporation potentiated
disinfectant system and methods of making and using such
differential evaporation potentiated disinfectant system.

As such, the particular embodiments or elements of the
invention disclosed by the description or shown in the
figures accompanying this application are not intended to be
limiting, but rather exemplary of the numerous and varied
embodiments generically encompassed by the invention or
equivalents encompassed with respect to any particular
element thereof. In addition, the specific description of a
single embodiment or element of the invention may not
explicitly describe all embodiments or elements possible;
many alternatives are implicitly disclosed by the description
and figures.

It should be understood that each element of an apparatus
or each step of a method may be described by an apparatus
term or method term. Such terms can be substituted where
desired to make explicit the implicitly broad coverage to
which this invention is entitled. As but one example, it
should be understood that all steps of a method may be
disclosed as an action, a means for taking that action, or as
an element which causes that action. Similarly, each element
of an apparatus may be disclosed as the physical element or
the action which that physical element facilitates. As but one
example, the disclosure of a “disinfectant” should be under-
stood to encompass disclosure of the act of “disinfecting”—
whether explicitly discussed or not—and, conversely, were
there effectively disclosure of the act of “disinfecting”, such
a disclosure should be understood to encompass disclosure
of'a “disinfectant” and even a “means for disinfecting.” Such
alternative terms for each element or step are to be under-
stood to be explicitly included in the description.

In addition, as to each term used it should be understood
that unless its utilization in this application is inconsistent
with such interpretation, common dictionary definitions
should be understood to included in the description for each
term as contained in the Random House Webster’s
Unabridged Dictionary, second edition, each definition
hereby incorporated by reference.

Thus, the applicant(s) should be understood to claim at
least: i) each of the differential evaporation potentiated
compositions and differential evaporation potentiated anti-
microbial compositions herein disclosed and described, ii)
the related methods disclosed and described, iii) similar,
equivalent, and even implicit variations of each of these
devices and methods, iv) those alternative embodiments
which accomplish each of the functions shown, disclosed, or
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described, v) those alternative designs and methods which
accomplish each of the functions shown as are implicit to
accomplish that which is disclosed and described, vi) each
feature, component, and step shown as separate and inde-
pendent inventions, vii) the applications enhanced by the
various systems or components disclosed, viii) the resulting
products produced by such systems or components, ix)
methods and apparatuses substantially as described herein-
before and with reference to any of the accompanying
examples, x) the various combinations and permutations of
each of the previous elements disclosed.

The background section of this patent application pro-
vides a statement of the field of endeavor to which the
invention pertains. This section may also incorporate or
contain paraphrasing of certain United States patents, patent
applications, publications, or subject matter of the claimed
invention useful in relating information, problems, or con-
cerns about the state of technology to which the invention is
drawn toward. It is not intended that any United States
patent, patent application, publication, statement or other
information cited or incorporated herein be interpreted,
construed or deemed to be admitted as prior art with respect
to the invention.

The claims set forth in this specification, if any, are hereby
incorporated by reference as part of this description of the
invention, and the applicant expressly reserves the right to
use all of or a portion of such incorporated content of such
claims as additional description to support any of or all of
the claims or any element or component thereof, and the
applicant further expressly reserves the right to move any
portion of or all of the incorporated content of such claims
or any element or component thereof from the description
into the claims or vice-versa as necessary to define the
matter for which protection is sought by this application or
by any subsequent application or continuation, division, or
continuation-in-part application thereof, or to obtain any
benefit of, reduction in fees pursuant to, or to comply with
the patent laws, rules, or regulations of any country or treaty,
and such content incorporated by reference shall survive
during the entire pendency of this application including any
subsequent continuation, division, or continuation-in-part
application thereof or any reissue or extension thereon.

Additionally, the claims set forth below are intended to
describe the metes and bounds of a limited number of the
preferred embodiments of the invention and are not to be
construed as the broadest embodiment of the invention or a
complete listing of embodiments of the invention that may
be claimed. The applicant does not waive any right to
develop further claims based upon the description set forth
above as a part of any continuation, division, or continua-
tion-in-part, or similar application.

We claim:

1. A method of reducing a population of microorganisms
capable of reproduction, comprising:

obtaining a differential evaporation potentiated antimicro-

bial composition including an antimicrobially active
agent and water, said antimicrobially active agent mis-
cible in said water, said antimicrobially active agent
having an initial concentration of between about 5
percent to about 10 percent by volume, said antimicro-
bially active agent consisting essentially of ethylene
glycol monobutyl ether; and

contacting said population of microorganisms capable of

reproduction with said differential evaporation poten-
tiated antimicrobial composition, said differential
evaporation potentiated antimicrobial composition
having a concentration of said antimicrobially active
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agent which increases during a period of time in which
said water evaporates from said composition resulting
in a concentration of said antimicrobially active agent
which provides greater than a 2-log, , order reduction in
said population of microorganisms capable of repro-
duction.

2. The method of claim 1, further comprising reducing
said population of microorganisms capable of reproduction
by greater than said 2-log,, order within a period of time
after contacting said population of microorganisms capable
of reproduction with said differential evaporation potenti-
ated antimicrobial composition of not greater than thirty
minutes.

3. The method of claim 2, further comprising contacting
said population of microorganisms capable of reproduction
while contained in an amount of diluent miscible in said
antimicrobial composition.

4. The method of claim 3, wherein said population of
microorganisms capable of reproduction is selected from the
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group consisting of: Escherichia coli, Pseudomonas aerugi-
nosa, Staphylococcus aureus, Aspergillus niger, and
Clostridium sporogenes.

5. The method of claim 1, further comprising:

evaporating said water from said differential evaporation

potentiated antimicrobial composition to generate an
azeotrope of said antimicrobially active agent com-
bined with said water.

6. The method of claim 5, wherein combining said anti-
microbially active agent with said water occurs within a
temperature range of about 5° C. and about 90° C. at 760
mm Hg.

7. The method of claim 6, wherein evaporating occurs
within said temperature range of between about 5° C. and
about 90° C. at 760 mm Hg.

8. The method of claim 7, wherein evaporating leaves no
residue.



